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| Test of Materiel Division Berrage

) ‘Balloon Yodel with Three Different
.

1‘.11’ Arrangements

Five-Foot Wind Tunnel Test No. 253

|
STMMARY

The barrage balloon model designed and built by the Materiel Division
was tested|to determine its longitudina) end directiomsl stability. Three
different tail arrangements were tested on the model,

The first teil arrengement consisted of two horizontal and two vertical

fins as shown in photograph No. 69568, A.C. Drawing Ko. 8400961, This arrange-

ment was unstable about the oenter of buoyancy.

The second taill arrangement consistcd of two horizcntal and two vertical
fins as shown in photograph Noe 59569, A«Ce Drewing No. SL1H21-1, The model
with this teil arrengement is longitudinally and directionally stable for
engles of pitoh or yaw fram O to * 20 degreess Higher angles were not testeds

The third tail arrengement ocnsisted.of two horizontal, one upper and
two lower fins as shomn in photographs No. 69570 and 69571, A.Ce Drawing
Yo. 841H21-2. The only difference between this condition and the previous
ore was the additicnal fin on the bettom. This change had no appreoiable
ltt;et on the longitudinal stability but increased the direotionsl stability
about 1,0 per cent. The drag howevor was also inoressed about 20 per cent,

DATES A¥D PLACE OF TEST

This test was conducted in the Five-Foot Wind Tumnel at Viright Fleld
from June 2l to August &, 1940.
daduer |

The object of this test was to dt.stermine the best of three different

tail arrangements for a barrage bdalloon.
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DESCRIPTIOR OF. )MODEL \

The envelope was turned from mhogany apnd hollowed out to & wall thl;k-
nees of 5/8 inoh. The besio onvo_légo,vund for ull ‘model conditioms, had L3
maximum dismeter of O inches and longth of '28.6 inehes. The two types of
fins used wore ‘made sopording to A.C. Drawings Nos: 8400963 and 84,0611,0.

The tie-in seams of 8406963 fins were made to.run approximstely parallel to
the envelope contour at the aft end, while ‘the 8L0G1140 ting had the soamy
running parallel to the envelope axis. The three d4fferent model conditions,
oonsisted of the following teil srrangements.

Condition 1. A«Ce Drawing Yo. 5L00961. ‘Two horirontal and two vertical
fins of the 8/,00063 type. See photograph Yo. 69568,

Condition 2. A.C. Dr;win; Yo, SLOM21-1, Tws horizontel end 4wo vertisal
fins of the SL4OG11LO type. - Ses photogreph xo_; &©5t0,

Condition 3. 'A.C. Drawing No. SLOWR1-2, Two horizontal, one upres and
two_lower fins of the 81061140 type, the upper one was vertiosl, while etch
lower one wes st an sugle of 25 degrees to the vertioal. Gee phqtogrlph‘i
Nos. 69570 snd 69571,
PROCEDURE

The model wes mounted on:the N.P.L. Balance by a spindle-attached at

the center of buoysncy, or referred to later in this repert ae "CR" or
oenter of rotatit?n. The airepesd wea S0 .peh. for fllr tests,

For eaoh of the three oonditiens given:in the "DESCRIPTION OF MODELY,',
oross wind foree, drag and yawing woments about the CR were obumd_'tor! ) \\
range of ysw anglee from 0.to i 20 dsgrees.with the model set wt 0, + .10, '
and + 20 degrees pitoh. For the first and ssoond cordition the modsl was
symmetrioal in ell four quedrants snd hence pit@ing nomente were not mepsured
but merely sesumed to be equal to the corresponding yswing moments. Forithe
third gondition, this symmetry did not exiet, one fin wes on top and twé {

sy »
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were on bottom and hence the model hed to be tested for pitohing moments slso.

The range of pitoh angles wes from 0 to & 20 degrees at tero degrees yew.

A ‘eeries of tests.were aleo mede to determine spindle interferencs on oros
wind force, drag and yawing moments. The meesured velues vere tPan oorreoted
to_eliminets the interference factor from the finel valuee

DISCUSSION OF RESULTS Cmm—

Condition 1. From graph L at gero degreee pitoh, the model s unstable
about the CR for yaw angles up to £t 11 derrees, end unstable up to t 9 degreee
at ¢ 10 degrees pitch, At + 20 degreee pitoh, hovever, it ia neutrally stable
for anglee of Yaw up to about t | degrees. As the yeaw angle ia inoregaed, the
model becomee more stable.

Condition 2. From greph B the model is stable ebout the CR for all yaw
angles tested, st 0, + 10, and +20 degrees pitoh.

Condition 3. Comparing graph 12 with greph B, it is noted that the
stability of oondition 3 ie inoreased about 40 per oent over that of
condition 2, et small engles of yaw, This is due to the additional fin en
the bottom,

Oraph 16 indicstes the longitudinal etability is about the same magnie
tude as the direoti:oml stability for thie third model oondition with five
fine.

It is also noted that for all tail arrsngemente teeted, an inoremse in
direotional stability results from an inoreaee of pitch engle, partioularly
for small yaw angles.

The net drag of the model at zero pitoh and zero yaw is incremeed
30 per cent.from condition ) to oondition 2 and 5 per oent from econdition 1
to condition 3.
comcwsions | .

Model eondition 3, that 1s with five fins &8 shown on A.C. Drawing
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No. SL1R21-2, photogFaphs. Nos, 69570 end 69571, 1s the most stable of the
three conditions tested, Fowever, model tondition 2 with four fins, j.c,

Drawing No. s41n21-1, photograph Nb- 69569 has less drag .but the stability

is elso dedreased. Mode) condition 1, AeCe Dr&wing Yo. sh60961, photograph
No. 69568 14 least stable of the three oonditions tested, Thisg condition 1s
unsteble about the center of buoyancy at zero degrees pitoh for yaw angles
up to t 11 d;';rees, and unstable up to t 9 degrees at + 10 degrees pitch,
At 20 desrees pitch it 4s neutrally stable for yuw angles up to ¢ Il degress,
REFERENCRS
'M.r Corps Drawings,

SLkoroél - Model Assembly, Berrage Balloon,

sh1m21-1 - wode1 Assembly, Parrage Bal]:mn.

Sh1H21-2 - podel Assenmbly, Barrape Bnlloon.-l
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WIND TUNNEL NOMENCLATURE

== diameter of wind tunnel at test section =='5 {t.
== wing area — 8q. ft.
== wing span—ft.
‘=smean acrodynamic chord—it, (m. g.¢.)
. == equivalent thonoplane aspect ratio
==angle of attack of longitudinal reference axis to wind—deg.
==angle of yaw relative to wind-—deg. '
==angle of rudder relative to neutral position—deg.
== angle of elevator relative to stabilizer—deg.
== gngle of stabilizer relative to longitudinal reference axis—deg.
== airspeed—ft per sec. i
== airspeed—m. p. h.
== weight of full scale airplane—Ih.
== pitching moment—1b..ft.
== yawing moment—ib.-ft.
== rolling moment—Ih.-ft.
== mass density of air—slugs per cu. ft. = 002378 (standard air)
=2 pV/2 — b, per sq. ft.
= |ift coefficient == Lift/qS
=2 drag cocfiicient == Drag/qS
== cross-wind force coefficient == Cross-wind force /qS
== Prandtl’s wall correction for angle of attack
§73SC, 3 /b
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== Prandtl’s wall correction for dng coefficient

L g (Y

2sd* 16
==lift/drag ntio = Ci/Cy
== pitching moment coefficient == M/qcS
== yawing moment cocfficient == N/qbS
== rolling moment coefficient == L /qbS
== slope of “pitching moment versus angle of attack™ curve at trim
==slope of “yawing moment versus angle of yaw” curve at zero yaw
== slope of “yawing moment due to rudder versus rudder angle” curve at zero rudder angle
v
= induced drag coefficient == — -&- e
» X E.M.A.R,
== profile drag coefficient
= pnmsite d\"g coefhcient e= Cu — (CDI + Cpp)
== equivalent flat plate area = Cy, S/1.279
Postive distances are upstream, upward and to right viewed from the rear
Positive furces are downstream, upward and to right viewed {rom the rear
Positive pitching moment is a stalling moment
Positive yawing moment is clockwise viewed ¢érom above
Positive rolling moment is clockwise viewed fromy the rear
Positive angles are in the same direction as moments
Positive stabilizer serting is with leading edge up referred to longitudinal reference axis
Positive elevator setting is with trailing edge down referred to stabilizer
Positive rudder setting is with tniling edge left referred to neutral position and viewed from the rear
Angle of attack of thrust line is referred to wind

Wrixht Pied 8:17-21-100 : Aug. 1, 1837
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List of Photopraphs.

Title

Top view of Barrage Balloon }odel with four fins,
AC Drawing No. sL0CS63; Assembly, AC Drawing
Yo. SL,0GO6Y:

Top view of Barrage Balloon Model with four fins,
AC Drewinpg No. S;0G1140; Assembly, AC Drewing
No. S41H21-1.

Top view of Barrage Balloon Model with five fins,

AC Drewing Fo. SLOG11LO; Assembly, C Drawing

Yio. ShlN21-2.

Side view of Beersge Balloon Model with five fins,

AC Dreawing Yo. 540611403 Assembly, AC Drewing
No. 31;11!21-2.
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ABSTRACT:

Tests were made to determine the best of three different tail arrangements for a barrage balloon. 3 ) s
The first arrangement consisted of two horizontal and two vertical fins. This arrangement was U
unstable about the center of buoyancy. The second tail arrangement, consisting of two different ~
horizontal and vertical fins, was longitudinally and directionally stable for angles of pitch or yaw

from O to £ 20°. Higher angles were not tested. The third tail arrangement consisted of two hori-
zontal, one upper and two lower fins. The only difference between this condition and the previous

one was the additional fin on the bottom. This change had no appreciable effect on the longitudinal
stability but increased thedirectional stability about 40%. The drag was also increased about 20%.

DISTRIBUTION: Copies of this report obtainable from Air Documents Division; Attn: MCIDXD  ~
DIVISION: Lighter-Than-Alr (40) [ SUBJECT HEADINGS: Balloons, Barrage - Wind Tunnel tests
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